It is worthy to mention that the two broad bean cultivars displayed a surprising situation during the fruiting stage of growth. The absolute amount of pods yield was higher in cv. Assiut 125 than in cv. Assiut 84. This situation was in contrast with that in the vegetative stage, where cv. Assiut 84 produced greater vegetative growth than cv. Assiut 125. Although the cv. Assiut 84 was less affected by the highest dose of copper, the cv. Assiut 125 was greatly affected by this dose. However, another surprising situation was recorded when the absolute values of fresh and dry matter of cv. Assiut 125 were much higher than cv. Assiut 84 at any used copper concentration. The fresh matters of the pods of cv. Assiut 84 and cv. Assiut 125 were 7.24 and 10.16 gm at the level of control and 6.69 and 7.59 gm at the level of 350 ppm Cu, respectively. Their dry matters were 1.99 and 3.52 gm at the level of control and 1.77 and 2.13 gm at the level of 350 ppm Cu 2+ in cv. Assiut 84 and cv. Assiut 125, respectively. This contradiction was also extended when these copper-affected cultivars were sprayed by IAA. The cv. Assiut 84 responded slightly to IAA treatment. On the other hand, a considerable increase in the dry matter yield was recorded in the pods of cv. Assiut 125 at any used level of copper when compared to the non-sprayed plants treated by the same copper concentration. At the level of 350 ppm Cu 2+ , the pod yield was 2-fold that of plants treated only by 350 ppm Cu 2+ , without IAA spraying. Thus, even IAA behaved differently in its effect on the crop yield of the two tested broad bean cultivars. There are big and surprising variations in the accumulation of microelements and heavy metals in pods among the two broad bean genotypes, whatever the treatments used. These variations seemed to be complicated which might need further studies. The concentration of amino acids and their individuals also varied among the two cultivars; they increased in cv. are mostly used as precursors for phytochelatins. For the previous studies, thus the present work was conducted to explain the effect of Cu and interactive effect with IAA on two selected broad bean cultivars Assiut 84 and Assiut 125 during yielding production.
Introduction
Essential micronutrients are required in low concentrations, so that the plant can develop normally, but are toxic in high concentrations [1] [2] . Copper (Cu) has been considered to be an essential micronutrient for plants; it is an element of vital importance in seed production, disease resistance, and balance of water catchment [1] [3] and of other essential nutrients, that depend on copper solubility in the soil and the type of soil [4] [5] [6] . Scientists have been more interested in developing potential strategies to promote germination of seeds, growth of plants and higher crop production [7] [8] [9] . This goal is getting even more needed to alleviate the adverse effects of environmental pollutants, and the search for molecules mediating stress tolerance is a relevant step toward a better understanding of how lower plants respond to stress [10] . In particular IAA increased root and sometimes also shoot growth of plants that were stressed by salinity or heavy metals [11] [12] [13] [14] [15] . Diaz et al. (2017) [16] provide information about copper tolerance mechanisms. We evaluated the effect of copper (II) ions (control, 100 and 500 μM) on C. quitens seedlings in vitro, determining morpho-physiological and biochemical variables. Copper showed a significantly negative effect on the development of new shoots (500 μM) and floral apex appearance (100 μM). The highest proline accumulation took place in seedlings subjected to 500 μM. Hamdia et al. (2018) [6] observed that when the copper stressed plants sprayed with IAA where a lot of these cations were transported in the same trend from the soil solution into the different parts of the two broad bean plants without any competition among these cations. The uptake, translocation and distribution of mineral ions are affected by various growth regulators among others by IAA. Massoud et al. (2018) [17] compare the efficiency of two types of treatments with the exogenous effectors (IAA, GA3, Ca and citric acid) against copper (Cu) toxicity: 1) the simultaneous application of "Cu ++ effectors" at the beginning of germination (day 0) and 2) the abruption of Cu stress (exogenous effectors are added in the third day). Thus, this investigation was carried out to study the mechanisms of combined action of copper with IAA treatments on individual amino acids and microelements in pods of two broad bean plants.
at vegetative stage in cv. Assiut 84 the dry matter of stems and leaves increased as copper increased in the soil up to 200 ppm, then while a slight stimulation was obtained in leaves (about 4%), a slight reduction was recorded in stems (20%). The dry matter of roots remained more or less unchanged up to 200 ppm Cu, then about 24% reduction was recorded, which means that the three plant organs responded differently to copper treatments. In cv. Assiut 125 the dry matter of pods increased by copper treatment up to 200 ppm, which was more pronounced in leaves, then a highly significant reduction was recorded (about 30% in both). In roots, a gradual reduction was exhibited by increasing the copper concentration in the soil. This inhibitory effect was more obvious at the level of 350 ppm Cu (about 40% reduction). Broad bean seeds were surface sterilized by immersion in a mixture of ethanol 96% and H 2 O 2 (1:1) for 3 minutes, followed by several washings with sterile distilled water. The concentrations of copper were chosen after preliminary experiments in which the seeds were subjected to different concentrations of copper. The chosen concentrations caused slight stimulation and moderate inhibition of seed germination from 100 ppm to 350 ppm copper treatment were recorded. Copper was added as copper sulphate (CuSO 4 ). Ten seeds were sown per pot, each pot contained 3.6 kg of garden clay soil. The clay soil comprise four components minerals and soil organic matter make up the solid fraction, whereas air and water comprise the pore space fraction. A typical agricultural soil is usually around 50% solid particles and 50% pores (Adapted from Brady and Weil, 2002 [20] ). Soil particle of clay is <0.002 invisible to naked eye. Considerations of working in controlled environments were followed by Tibbitts & Langhans (1993) [21] . All pots were irrigated with tap water for four weeks until full germination. In preliminary experiments explained that low concentration is 100 ppm CuSo 4 and the high concentration is 350 ppm. The seedlings were then irrigated by different concentrations of CuSO 4 solutions (0, 100, 200, 350 ppm) and were classified into two groups.
Copper Treatment and Combined with IAA
From two of previous groups which treated with different copper concentration (0, 100, 200, 350 ppm), one group was sprayed by 200 ppm IAA. In order to maintain the osmotic potential, the soil moisture content was kept near the field capacity using tap water. The seedlings were left to grow in natural conditions under these conditions for 150 days. At the end of the experimental period (5 months) yields of pods determined.
Laboratory Analysis for Metabolites
To determine the dry matter yields of pods were dried in an oven at 80˚C. Successive weighing was carried out until the constant dry weight of each sample was reached. The soluble carbohydrates were determined by the method of anthrone sulphoric acid which was stated by Fales (1951) [22] . The soluble proteins were determined according to the method adopted by Lowery et al. (1951) [23]. Calcium and magnesium determination by Schwarzenbach and Biedermann, (1948) [24] was employed. Potassium, Flamephotometer method using Carl Zeiss flamephotometer was used by Williams and Twine, (1960) [25] .
Statistical Analysis
The triplicate sets of the experimental data for the different tested parameters were subjected to the one way analysis of variances (ANOVA) test in accordance with the experimental design using the SPSS program, version 13.0 and the means were compared using the least significant differences, L. S. D. at 0.05% levels [26] .
Results
In cv. Assiut 84 the fresh and dry weights of pods increased progressively by in- Assiut 125 a highly significant increase in K contents was recorded when the Cu-affected plants were sprayed by IAA ( (Table 3 ). The percent of this increase was 350%, 475%, 400% and 325%
at the level of 0, 100 200 and 350 ppm Cu, respectively. IAA resulted in a marked and progressive, but irregular, increase in magnesium content in pods of cv. Assiut 125 ( 
The Concentration of Some Microelements and Interaction with IAA
The most striking feature in this work is that while the pods of cv. Assiut 84 accumulated a huge amount of Al at the level of control, the concentration of 350 ppm Cu 2+ slowed down this accumulation of Al to about 50%, which may be one of the defense mechanisms of this cultivar against copper toxicity (Tables 4-6 ).
This was recommended in plants treated by IAA when the concentration of Al was highly significantly retarded at the level of control as well as the level of 350 ppm Cu 2+ , it was reduced to about 70% in both ( Figure 1) . Thus, the mechanism of IAA in alleviating the toxic copper effect in the pods of this cultivar may be associated with the retardation of Al content (Table 4 the pods of the two tested broad bean cultivars grown under different treatments, which indicates that the used soil is very rare in Cd ion (Table 4) . However, the highest amount of this heavy metal was found in cv. Assiut 84 only at the level of controls (control and control plus IAA). In general, pods treated by IAA, either with or without copper, accumulated higher amounts of Co than those untreated by IAA (Table 4 ). This again confirmed the alleviating role of IAA (cobalt is considered an essential microelement when present at suitable concentrations). There is a considerable variation in the Cu contents in pods among the two tested cultivars. In cv. Assiut 84, the pods treated by 350 ppm Cu accumulated a high amount of Cu in relation to its control (1.6 to 2.8 mg/100 gm dry matter) ( Table 4 ; Figure 1 ). On the other hand, the pods of cv. Assiut 125 succeeded to keep the Cu content around its control value, which again might confirm the opposing situation of the two cultivars from the vegetative into the fruiting stages of growth (Table 4 ; Figure 1 ). Another important situation was also located in the variations in the accumulation of Fe in the pods of the two broad bean cultivars grown under different copper treatments (Table 4 and Figure Figure 1 ). Hormonal treatments stimulated the accumulation of this element in the pods of the two tested cultivars treated with or without copper (Table 4 ; Figure 1 ). However, as in the case of Al, the highest amount of Zn was obtained in the control pods of cv. Assiut 84 (Table 4 ; Figure 1 ). A small amount of Pb was recorded in pods of the two tested cultivars under the various treatments (Table 4 ; Figure 1 ). Figure 1 ). The amount of Mn in the differently treated pods was more or less similar in the two cultivars (Table 4 ; Figure 1 ). It fluctuated between 2.3 and 2.9 mg/100 gm dry matter, Figure 1 ).
The amount of B was more or less similar under the different treatments in the pods of the two tested cultivars (2.5 to 2.9 mg/100 gm dry matter), except for the pods of cv. Assiut 125 treated by 350 ppm Cu (1.9 mg/100 gm dry matter) (Table 4 ; Figure 1 ). Also there is some promotion in the accumulation of this element in the pods of cv. Assiut 125 either treated or untreated by copper in relation to the control values when sprayed by IAA (Table 4 ; Figure 1 ).
Contents of Total and Individual Amino Acids
Amino acids contents and their individuals varied considerably among the two tested cultivars. Copper treatment enhanced the accumulation of amino acids in the pods of cv. Assiut 84 in relation to its control. Additional enhancement in these contents was observed when the copper-treated plants were sprayed by IAA. On the other hand, in cv. Assiut 125 the total amino acids contents dropped highly significantly by copper treatment. However, they were considerably 
Discussion
It is worthy to mention that the two broad bean cultivars displayed a surprising situation during the fruiting stage of growth to copper treatments. Similarly, in auxin groups, indole-3-acetic acid (IAA) is responsible for cell division, elongation, differentiation, root initiation, regulation of gene expression, and ROS homeostasis under abiotic stress conditions to enhance the growth and development process of the plant [46] . It is presumed that these findings might contribute to better understanding the response mechanisms of the two broad bean cultivars to copper stress and to further insights into copper-soil interaction in natural environments. There is a big variation in the accumulation of microelements and heavy metals in pods among the two broad bean genotypes.
First of all, the water-treated pods of cv. Assiut 84 accumulated huge amount of aluminum. Interestingly, this amount of Al reduced by about 50% in pods of cv. [53] . These reports are not in agreement with our results. However, the opposite scenario has been also observed in oregano [54] , rice seedlings [55] and wheat (Triticum aestivum L. cv. Vergina) [56] plants exposed to Cu toxicity in soil. An increasing concentration of soil Cu [66] reported that Al can also reduce Mn toxicity and Mn accumulation in the plant. Thus, it is speculated that Al exerts an antagonistic effect on Mn uptake, and thus leads to alleviated Mn toxicity. Aluminum interference with P uptake might result in P deficiency in plants grown on acid soils or in nutrient solutions [67] . The pods of the two cultivars received very minute amounts of cadmium and cobalt, whatever the treatments used. Consequently, there are no differences in the accumulation of the two elements, which indi- [33] stated that heavy metals are natural non-biodegradable constituents of the Earth's crust that accumulate and persist indefinitely in the ecosystem as a result of human activities. Since the industrial revolution, the concentration of cadmium, arsenic, lead, mercury and zinc, amongst others, have increasingly contaminated soil and water resources, leading to significant yield losses in plants.
These issues have become an important concern of scientific interest. Understanding the molecular and physiological responses of plants to heavy metal stress is critical in order to maximize their productivity. Recent research has extended our view of how plant hormones can regulate and integrate growth responses to various environmental cues in order to sustain life. In the present review we discuss current knowledge about the role of the plant growth hormones abscisic acid, auxin, brassinosteroid and ethylene in signaling pathways, defense mechanisms and alleviation of heavy metal toxicity. [75] . Generally, heavy metal stress leads to a decrease in endogenous levels of auxins. For example, arsenic (As) is able to alter levels of three auxins (IAA, NAA, and indole-3-butyric acid, IBA) in Brassica juncea [76] . In another case, short-term cadmium treatment disturbed IAA homeostasis in barley root tips [77] . Previous work also indicates that Cadmium (Cd) suppresses primary root elongation in Arabidopsis [78] .
Despite the detrimental effect of heavy metal in auxin metabolism, it has been reported that exogenous application of these phytohormones can rescue the endogenous levels of the auxins. An increase in the biomass of roots and stems of sunflower (Helianthus annuus) plants grown in soil moderately contaminated with lead (Pb) was observed after the addition of the phytohormone IAA [79] .
Exogenous supply of IAA also improved the growth of Brassica juncea exposed to As [76] . In the same way, the application of different levels of L-TRP (a precursor of auxin) to the roots of rice seedlings growing in contaminated soil enhanced plant growth and yield under Cd stress, when compared to untreated seedlings in Cd-contaminated pots without this auxin precursor [80] . Some recent approaches showed that this synergistic or additive interaction between heavy metal and auxin can be used as a protective mechanism against toxicity in water environment. The authors showed that exogenous auxin supply increased phytoremediation efficiency in wastewater treatment [33] .
The role of IAA application in alleviating the adverse effects of stress factors including heavy metals was also suggested [82] ; such as, the decrease in the level of ROS and the increase in seed germination rate, growth and nitrogen metabolism [83] . Exogenous GA3 is also able to overcome the inhibitory effects of different environmental stresses on seed germination and other physiological parameters; such as dry matter contents, chlorophyll, relative water, proline and mineral nutrients, activities of superoxide dismutase, peroxidase and polyphenol oxidase, as well as extent of electrolyte leakage [84] . [34] showed that application of 400 µM copper caused accelerated quantities of proline, protein and calcium.
Therefore, it can be concluded that there are differences in copper tolerance between the two cultivars and their interactions with IAA, it was closely associated with the regulation of nitrogen metabolism, microelement and proline content.
